two near-degenerate orthogonal modes of equal amplitudes and 90" phase difference for CP operation. Also seen in Fig. 1 , the single probe feed placed at point A is for achieving left-hand CP operation, while the feed at point B can result in right-hand CP operation. Experimental results and conclusions: Several designs with the feed position at point A for left-hand CP operation were constructed and experimentally studied. Fig. 2 shows the measured return loss against frequency for the cases with e= 0, 8, 10.5 and 1 1.5 mm; the case with e= 0 represents a corresponding regular circularly polarised microstrip antenna with an unslotted ground plane. The corresponding measured data are listed in Table 1 for comparison. The measured results of the axial ratio in broadside direction (0 = Oo) are shown in Fig. 3 . From the results obtained, it is clearly seen that the resonant frequency is decreased with increasing slot length. For the case of e = 1 1.5 mm, the centre frequency (fc), defined as the frequency with minimum axial ratio, is only about 74% of that for a corresponding regular CP microstrip antenna (2190 against 2970 MHz). This corresponds to an antenna size reduction of about 45% for the proposed antenna at a fixed operating frequency. It is also noted that the impedance bandwidth and the CP bandwidth, determined from 3 dB axial ratio, of the proposed antenna are increased with the lowering of the centre frequency, which is different from that observed for the compact designs with a slotted radiating patch [l-41. This characteristic suggests that the embedded slots in the ground plane are more effective than the slots in the radiating patch in lowering the quality factor of the microstrip antenna, and widened CP bandwidth is thus obtained for the proposed design.
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Fig. 1 Geometry of compact circularly polarised, corner-truncated microstrip antenna with slotted ground plane
Experimental results and conclusions: Several designs with the feed position at point A for left-hand CP operation were constructed and experimentally studied. Fig. 2 shows the measured return loss against frequency for the cases with e= 0, 8, 10.5 and 1 1.5 mm; the case with e= 0 represents a corresponding regular circularly polarised microstrip antenna with an unslotted ground plane. The corresponding measured data are listed in Table 1 for comparison. The measured results of the axial ratio in broadside direction (0 = Oo) are shown in Fig. 3 . From the results obtained, it is clearly seen that the resonant frequency is decreased with increasing slot length. For the case of e = 1 1.5 mm, the centre frequency (fc), defined as the frequency with minimum axial ratio, is only about 74% of that for a corresponding regular CP microstrip antenna (2190 against 2970 MHz). This corresponds to an antenna size reduction of about 45% for the proposed antenna at a fixed operating frequency. It is also noted that the impedance bandwidth and the CP bandwidth, determined from 3 dB axial ratio, of the proposed antenna are increased with the lowering of the centre frequency, which is different from that observed for the compact designs with a slotted radiating patch [l-41. This characteristic suggests that the embedded slots in the ground plane are more effective than the slots in the radiating patch in lowering the quality factor of the microstrip antenna, and widened CP bandwidth is thus obtained for the proposed design.
=ld.5 -40 1700 1 21 00 2500 2900 3300 frequency, MHz 10.5 and 11.5"; G=48mm, L=24mm, h=1.6mm, ~,.=4.4 Fig. 2 Radiation characteristic of the proposed antenna is also studied. Fig. 4 plots the measured radiation patterns for the case of L = 11.5 mm at f = 2190 MHz; and the measured antenna gain in broadside direction (0 = O0) is given in Table 1 . Good left-hand CP radiation is observed, and the measured antenna gain is -3.4dBic, even greater than that (-3 .0 dBic) of a corresponding regular circularly polarised microstrip antenna. By using the siinulation software IE3D@, the simulated radiation efficiency of the proposed antenna is found to reach -55%, which is much greater than that (-38%) of a regular circularly polarised micrsotrip antenna with an unslotted ground plane in which the square patch has a side length of 32 mm referenced to the operating frequency at 2190 MHz. The increase in the radiation efficiency may be the reason for the enhanced antenna gain obtained here. The suitable use of array antennas in cellular systems results in improvement in the signal-to-interference ratio (SIR) . This property is the basis for introducing smart or adaptive antenna systems. In general, the SIR depends on the array configuration and is a function of the direction of the desired user and interferers. Here. the SIR performance for linear and circular arrays is analysed and compared.
Introduction: An important measure of performance of an array antenna at a base station of a cellular system is its interference rejection or signal-to-interference ratio (SIR) improvement capability. This discrimination ability is in general a function of the number of antenna elements (including their spacing) and the direction of signal arrival of a chosen user and the interferers [l] . It is defined as a reciprocal of the spatial interference suppression coefficient, which is determined as an average cross-correlation between the array steering vector towards a given user and the steering vector towards the interferers. Many research papers have assessed the SIR improvement only for a linear array [l] . However, as this array does not provide uniform coverage in terms of gain or pattern, one may think that such a configuration is not optimal. For example, when a panel positioned on one side of a triangular base station backs this array, its gain degrades in its end-fire directions giving way to interference coming from other directions. In this Letter we address the problem of selecting optimal array configurations by comparing the SIR improvement ability of two base station antenna systems, one employing a circular array and the other a triangular panel array with a linear array of elements on each side. . , .
Assuming that user 1 is the desired user, the mean SIR at the array output (SIRot,<) can be written in terms of input SIR (SIR,,) as [I] where Gav,(q5 1) is the spatial interference suppression coefficient. 
Next we consider a circular array of N identical omnidirectional antenna elements (such as vertical monopoles) evenly spaced in a circle of radius R = NA/4n in the ny plane. This radius is chosen to obtain approximately ,l/Z spacing of the elements, equivalent to that used for the linear array. For plane wave incident in the xy plane, the relative phase at the pth element with respect to the centre of the array is
-(2n/L)R cos(@ -A@) where A@ = (2np/N). The array steering vector can then be written as ,Jncos($k-(N-l)A$)
T a($k) = [eJncoscbi e I " C O S ( d i -A ( b )
. I .
I (7)
Note that similarly as for the linear array this expression neglects mutual coupling effects of the elements of the array. Assuming the interferers are uniformly distributed in the range 10, 2x1, Results: Fig. 1 shows a plot of the spatial interference suppression coefficient G,,vg(q51) for a linear array for different numbers of elements A! The curves are U-shaped, with a broad minimum, implying that interference reduction is maximum over a certain range of @,, centred at @ I =90° (broadside). However, the exact amount of SIR at the array output is dependent on
The presented result confirms our earlier expectation that for a linear array its discrimination against interferers (in terms of SIR) is best in the broadside direction of the array and deteriorates in its end-fire directions. The plot of GN,,g($I) for a circular array is shown in Fig. 2 . For a sinall number of antenna elements, the SIR improvement shows an oscillatory variation. However, as N increases, the curves Batten, indicating unifotm SIR improvement over all angles. Table I shows the variation of mean of Gc,,,g($l) over $I (an average of GoLE(q$l) over the assumed range of for different N for linear and circular arrays. The values reveal that for large N, the interference reduction capability reaches an asymptotic level, implying onsct of diminishing returns. Also, for the same values of N, linear and circular geometries have nearly the same mean of Gr,,,g($I) over However, it must be noted that for the same N, the triangular panel array would require employing three times the total number of antenna elements to obtain comparable performance to a circular array. 
Conclusions:
We have provided and compared analytical results for the average SIR improvement for linear and circular arrays employed at a base station of a cellular system. It is shown that for a full angular range surrounding a base station, a circular array provides a more uniform improvement in terms of SIR than a linear array. This finding indicates the need and importance of investigating circular or conformal antenna systems [3] that feature a broad angular view. Such arrays may offer better SIR performance than linear arrays, as well as the additional advantage of less severe mutual coupling cffects due to the array curvature.
Introduction: The rapid developmcnts in the wireless communications industry demand novel designs that can be used in more than onc frequency band and in sizc reduction. The standard monopole is probably the most widely used antenna on existing mobile telecommunication applications. To meet the requirements for modern mobile applications, some printed triangular monopole antennas [ 1, 21 with reduced size and broadband operation are reported. For such printed triangular monopoles, the antenna length is reduced to about 0.6 times that of a simplc strip monopole. Recently, dual-frequency monopole antennas were developed and investigated for cellular applications [3, 41. The antenna in [3] consists of a straight radiating element and a helically wound element, and the straight radiating element acts as the antenna radiator. The electrical length of the antenna is usually between three-eighths of the wavelength and half of the wavelength. The antenna in [4] uses one monopole with two cqual length branches. The length of the monopole is approximately one-quarter of a wavclength at the centre frequency of the low band. Presented in this Lettcr is a new microstrip-fed dual-frequency printed triangular monopole antenna, which can be used in one radiating element and in tunable frequency ratio. Furthermore, due to the increased effective current patch in the triangular monopole, compared with a simple strip monopole of the samc length, the required monopole length at a fixed operating frequency can be reduced, i.e. the electrical length of the proposed antenna is lcss than one-quarter of a wavelength. Fig. 1 shows the geometry of a printed equilateral triangular monopole of width S and length 15,. Thc triangular monopole is printed on an FR4 substrate of thickness h and rclative permittivity E:,.. The trapczoidal slit with vertical height of L is etched on the equilateral triangular patch. The location of the slit with respect to the sides of the triangular patch is denoted as i.e. in the present design, the length of the lower triangular patch has the relation L z = L l -L -W A 5012 microstrip line with an opencircuited tuning is uscd for feeding the proposed antenna at the apex angle of the equilateral triangular patch. The truncated ground plane on the backside of the substrate is used as a reflector element. The tuning stub has a length of L, and a gap distance from the edge of the truncated ground plane is chosen as 2".
The section of the tuning stub has a width of W,, the same as the width of the microstrip line. The distance between the end of the monopole and the terminal of the microstrip line is denoted as Lo ( = (W,/2) tan60"). The tuning stub length (L,J was found to be very effective in controlling thc coupling of the electromagnetic energy from the microstrip feed line to the triangular monopole, and good impedance matching for the dualband antenna can be achieved Experimental results and discitssion: Typical proposed antenna were implemented and tried. Fig. 2 shows the measured return loss for thc proposed antenna with various slit height (L), as the triangular monopole length ( L , ) and the strip width (W) are fixed. First, note that only the fundamental mode is excited for the antenna A, Le. antenna A is a simple triangular monopole without a slit ( L = 0 mm). However, when the slit etched on the triangular patch is present, a new resonant frequency can be excited. Thc corresponding dual-frequency
